Abstract. Male hypogonadotropic hypogonadism (MHH), a disorder associated with infertility, is treated with testosterone replacement therapy (TRT) and/or gonadotropins replacement therapy (GRT) (TRT and GRT, together with HRT hormone replacement therapy). In Japan, guidelines have been set for treatment during adolescence. Due to the risk of rapid maturation of bone age, low doses of testosterone or gonadotropins have been used. However, the optimal timing and methods of therapeutic intervention have not yet been established. The objective of this study was to investigate the current situation of treatment for children with MHH in Japan and to review a primary survey involving councilors of the Japanese Society for Pediatric Endocrinology and a secondary survey obtained from 26 facilities conducting HRT. The subjects were 55 patients with MHH who reached their adult height after HRT. The breakdown of the patients is as follows: 7 patients with Kallmann syndrome, 6 patients with isolated gonadotropin deficiency, 18 patients with acquired hypopituitarism due to intracranial and pituitary tumor, 22 patients with classical idiopathic hypopituitarism due to breech delivery, and 2 patients with CHARGE syndrome. The mean age at the start of HRT was 15.7 yrs and mean height was 157.2 cm. The mean age at reaching adult height was 19.4 yrs, and the mean adult height was 171.0 cm. The starting age of HRT was later than the normal pubertal age and showed a significant negative correlation with pubertal height gain, but it showed no correlation with adult height. As for spermatogenesis, 76% of the above patients treated with hCG-rFSH combined therapy showed positive results, though ranging in levels; impaired spermatogenesis was observed in some with congenital MHH, and favorable spermatogenesis was observed in all with acquired MHH. From the above, we propose the establishment of a treatment protocol for the start low-dose testosterone or low-dose gonadotropins by dividing subjects into two groups to determine different treatment protocols, acquired and congenital MHH, and to conduct them at a timing closer to the onset of puberty, namely, at a timing near entrance to junior high school. We also propose a new HRT protocol using preemptive FSH therapy prior to GRT aimed at achieving future fertility in patients with congenital MHH.
Introduction
Male hypogonadism is a disorder characterized by the absence of pubertal development, or discontinuation or regression of the maturation of secondary sex characteristics, and infertility. The causes of this disorder are divided into two groups; 1) primary hypogonadism due to testis failure (hypergonadotropic hypogonadism), and 2) male hypogonadotropic hypogonadism (MHH) due to insufficient secretion of gonadotropins (LH, FSH). The etiologies of MHH are generally classified into three groups: congenital MHH including isolated gonadotropin deficiency, Kallmann syndrome, CHARGE syndrome, etc., acquired MHH caused by structural lesions of the hypothalamic pituitary region; and idiopathic MHH occurring in association with hypopituitarism after breech delivery (1) .
For the treatment of MHH, testosterone replacement therapy (TRT) and/or gonadotropin replacement therapy (GRT) are performed (1) (2) (3) (4) (5) (6) [(TRT and GRT, together with hormone replacement therapy (HRT)]. In Japan, guidelines have been set for treatment during adolescence (2) . Due to the risk of rapid maturation of bone age, low doses of testosterone (2) or gonadotropins (hCG) (3) have been used. The purposes of MHH treatment during childhood are to improve psychosocial problems associated with delayed puberty (7) , to achieve normal adult height and to obtain fertility (spermatogenesis); however, the optimal timing for the initiation of these treatments as well as the treatment methods have not been established yet on a global scale. In this study, we report the results of a questionnaire survey involving councilors of the Japanese Society for Pediatric Endocrinology and describe the current situation concerning the treatment of patients with MHH in pediatrics. In addition, based on the current situation, we propose a treatment protocol for MHH during pubertal ages.
Subjects and Methods
We set up a primary questionnaire survey of the treatment of patients with MHH on the underlying disease, age and height at the start of treatment and at adult height, kind of HRT, and long-term course of treatment (Table 1) . We sent the primary questionnaire to 158 councilors of the Japanese Society for Pediatric Endocrinology and received responses from 43 facilities. We sent a secondary questionnaire survey ( For the statistical analysis, we used the StatView software. Height gain during puberty is defined as the height difference from the start of treatment to when adult height is achieved. Differences in mean values among disease groups and among initial HRT groups were tested by the Bonferroni test. Differences were judged as significant when p values were less than 0.05.
Results

Results of the primary questionnaire survey
(1) Underlying disease of MHH and modalities of HRT in clinical practice Reports on 55 patients were obtained. As shown in Table 3 , and the diagnoses of these patients were Kallmann syndrome in 7 patients, isolated gonadotropin deficiency in 6 patients, acquired hypopituitarism due to intracranial and pituitary tumors in 18 patients, classical idiopathic hypopituitarism due to breech delivery in 22 patients, and CHARGE syndrome in 2 patients. Patients with Prader-Willi syndrome were not reported in this study. In all patients, the mean age at the start of HRT therapy was 15.7 yrs, mean height was 157.2 cm, mean age at adult height was 19.4 yrs, and mean adult height was 171.0 cm. There were no significant differences in age at the start of HRT and at adult height among the disease groups. There were significant differences in height at the start of HRT (p < 0.005) and adult height between patients with isolated gonadotropin deficiency and those with CHARGE syndrome (p < 0.0001); however, no significant differences in height at the start of HRT and adult height were observed among the other groups. There was no significant difference in the mean bone age at the start of HRT among the disease groups ( Table 3 ). The mean height gain during puberty of all patients was 14.0 cm, and there were no significant differences in height gain during puberty among the disease groups ( Table 3) .
As an initial HRT, 30 patients received testosterone monotherapy, 12 patients received hCG monotherapy, and 13 patients received hCG-rFSH combination therapy (Table 4 ). There were significant differences in age at the start of HRT between patients who received testosterone monotherapy and patients who received hCGrFSH combination therapy (p = 0.03). There were no significant differences in adult height among the initial HRT groups.
Fourteen patients with acquired MHH and 14 patients with idiopathic MHH had been receiving HRT with GH therapy. There were no significant differences in adult height between patients with and without GH treatment (Table 5) . (2) Correlation between age and height at the start of HRT (Fig. 1 ) Figure 1 shows the correlation between age and height at the start of HRT in MHH. There was a significant positive correlation (r = 0.728, p < 0.0001). Fig. 2 , no correlation was observed between age at the start of HRT and adult height. The mean adult height of 13 patients who started HRT at younger than 14 yrs old was not significantly different from that of 42 patients who started at 14 yrs old or older (171.6 cm vs. 171.0 cm). Comparing of Fig. 1 with Fig. 3 , the mean increase in height before pubertal induction with HRT [1.8 cm/yr ( Fig. 1) ] is not greater than the mean decrease in pubertal height gain [2.1 cm/yr ( Fig. 3) ] anymore. Therefore, regardless of the age at the start of HRT, no significant differences were observed for adult height. (4) Correlation between age at the start of HRT and height gain during puberty ( Fig. 3) As shown in Fig. 3 , a significant negative correlation was observed between age at the start of HRT and height gain during puberty (total, r = −0.793; TRT alone, r = −0.786; GRT, r = −0.800). The younger the patient's age at the start of HRT was, the greater the pubertal height gain achieved. No significant difference was observed for height gain during puberty between GRT and TRT alone.
Results of the secondary questionnaire survey
At nine facilities, 17 patients underwent a semen test after receiving hCG-rFSH combination therapy. At six facilities, the obstetrician or the gynecologist conducted and evaluated the semen test. The etiology of MHH and the semen test results are shown in Table  6 . In 13 of 17 patients (76%), spermatogenesis was observed. Ten out of 17 patients received testosterone only as pretreatment and the remaining 7 patients only received hCG pretreatment. When a sperm count greater than 5 × 10 6 /ml was defined as favorable, in patients with acquired hypopituitarism, spermatogenesis was favorable after conducting treatment with an hCG-rFSH combination therapy. In some of the patients with Kallmann syndrome, isolated gonadotropin deficiency (congenital MHH), and idiopathic hypopituitarism, poor spermatogenesis was observed (Tables 6 and 7) . There were no significant differences in sperm count between testosterone only pretreatment and hCG only pretreatment (p = 0.07) ( Table  7 ). The percentage of favorable results was greater in patients with hCG pretreatment than patients with testosterone only pretreatment.
Discussion
Adult height
Up until now, induction of secondary sexual characteristics using HRT has started at an older age even if patients had been diagnosed as having MHH at a younger age. It had been considered that the adult height of MHH patients would remain shorter than that of normal children due to rapid maturation of secondary sex characteristics and advancement of bone age by early induction of HRT (8) .
The questionnaire survey results concerning HRT in patients with MHH showed that doctors decided to start HRT at around 15 yrs old with careful consideration of an adult height (3 to 4 yrs later than the onset of puberty in healthy children) of around 155 cm on average. The patients had gained pubertal growth of approximately 15 cm, and they reached their adult heights equivalent to those of healthy individuals. The patients in early treatment groups in which HRT was initiated at the age of 12 to 13 yrs old reached similar adult heights to those in groups in which treatment was initiated later (from the age of 14 yrs old or older). Thus, the questionnaire survey revealed that the age at initiation of HRT does not in fact relate to adult height. Moreover, the results of our analysis show that the younger the treatment is started, the greater the pubertal height gain is. The relation between the age at onset of puberty and the pubertal height gain is also observed in normal healthy children. In normal children whose heights are similar before puberty, the later pubertal onset occurs, the taller the adult heights achieved (9, 10) . Since the increase in height before onset of puberty is greater than the decrease in pubertal height gain in the case of normal children, their adult height becomes greater when onset of puberty is delayed. The growth velocity gradually decreases toward onset of puberty and remains low. In the case of MHH, most of the children are already at the ages of low growth velocity, and as shown by the above results, the increase in height before starting HRT is not greater than the decrease in pubertal height gain caused by delaying pubertal induction. Therefore, regardless of the age at the start of HRT, no significant differences were observed for adult height in MHH patients. Our result poses a question regarding the validity of setting the timing of pubertal induction much later than the normal onset of puberty. Therefore, we should consider the modality and doses for HRT starting close to the age of normal pubertal onset so that second sex characteristics develop more slowly, much like pubertal development in normal children (3), while bone age is advanced to achieve normal adult height. Moreover, it has already been established in this study that there are no significant differences in adult height among initial HRT with testosterone, hCG only or hCG-rFSH combination therapy.
Additionally, regardless of GH treatment, adult height in acquired MHH patients is almost the same for HRT only and the combination therapy using HRT and GH treatment, and there are no other reports that indicate the effectiveness of the combination therapy with HRT and GH treatment.
Spermatogenesis and validity of rFSH pretreatment
In foreign reports, as in Japan, puberty is mainly induced by intramuscular injection of (1, 2, 4, 5, 8, 11, 12) for a mean period of about 2 years during childhood. In testosterone therapy, doses can be easily adjusted for pubertal induction, and the burden on patients is small. The downside is testosterone inhibits spermatogenesis, more so like a contraceptive drug; however, after discontinuation, recovery of spermatogenesis has been confirmed (13) (14) (15) (16) (17) .
The effects of long-term use of this testosterone therapy on future spermatogenesis and testicular enlargement have yet to be discovered. In our study, fertility was evaluated based on a semen test, and we found that spermatogenesis tended to be poorer in patients with congenital MHH than in those with acquired MHH even though they received treatment with the hCGrFSH combination therapy.
We have also often experienced that in patients with Kallmann syndrome, testicular volume does not increase even with hCG-rFSH combination therapy.
During fetal development and infancy, along with GnRH-induced so-called "mini puberty", FSH levels rise. It is known that Sertoli cells and spermatocytes proliferate under the influence of FSH, thus leading to development of the testis (18) . In addition, it has been reported that in patients with congenital MHH, there is a lack in the increase of Sertoli cells both during mini puberty and puberty, and the testicular volume is less than 4 mL (19).
Dwyer et al. (19) conducted rFSH pretreatment (75-150 IU daily) for 4 months among 13 patients over 17 yrs old, in whom the possibility of delayed puberty was ruled out and the testicular volume was 4 mL or less, in order to establish physiological conditions similar to mini puberty. It was reported that as a result of this treatment, spermatogenesis and fathering children was observed in these patients (19) . Their results also support that as in the case of patients with congenital MHH who may lack mini puberty, pretreatment with rFSH followed by rFSH plus hCG combination therapy in patients is effective in stimulating testicular development and spermatogenesis for future fertility.
Raivio et al. (20) reported rFSH treatment prior to pubertal induction with the combination of rFSH and hCG in boys with prepubertal onset of congenital or acquired MHH who were 9.9-17.7 yrs old. In this study, 1.5 IU/kg rFSH was used 3 times weekly (180-450 IU/wk) for 2 mo up to 2.8 yrs, and testicular volume and circulating inhibin B levels increased; successful spermatogenesis was induced by the combination of hCG and rFSH following rFSH priming. However, some patients with evidence of absent mini puberty had a significantly lower peak inhibin B value in response to rFSH than the other boys who experienced mini puberty when treated with Raivio's method. On the other hand, rFSH pretreatment (75-150 IU/daily for four months) by Dwyer's method increased inhibin B levels into the normal range and doubled the testicular volume in all patients with congenital MHH who did not experienced mini puberty. Therefore, rFSH pretreatment by Dwyer's method may provide more favorable effects for spermatogenesis and development of testicular volume. Similarly, Young et al. (21) administered daily subcutaneous injections of 150 IU rFSH for 1 month to eight patients 18-31 years old with untreated congenital MHH prior to combined rFSH and hCG treatments, and the inhibin B levels of the patients increased and raised their sperm density. During rFSH monotherapy, their serum testosterone levels did not vary. Based on these results, it can be suggested that FSH monotherapy can help achieve fertility without undesired rapid progression of puberty as a results of testosterone.
Psychosocial aspects
The optimal timing of pubertal induction is very important for MHH in adolescence for a host of reasons. Adverse effects of delayed puberty such as short stature, childlike appearance, and the absence of secondary characteristics occasionally cause psychosocial problems (7, 22) . Moreover, many patients face difficulty in how to cope with/control their newfound sexuality (1) . Therefore, we should contemplate optimal timing of pubertal induction for patients with MHH during childhood diagnosed at an early stage, which is considered to improve psychosocial problems due to delayed puberty.
Treatment protocols for MHH during childhood
We propose new treatment protocols for patients with MHH during childhood diagnosed at an early stage, which is considered to be effective for achieving normal adult height, spermatogenesis and fertility after developing physiological secondary sex characteristics equivalent to those in healthy individuals. For acquired MHH patients, we undertake a new HRT protocol using low doses of testosterone monotherapy and/or hCG-rFSH combination therapy. For congenital MHH patients, we offer a new GRT protocol using preemptive FSH therapies.
Survivors of childhood brain tumors following treatment with chemotherapy with or without radiotherapy and testicular irradiation are associated with a high risk of primary and/or secondary hypogonadism (23) . If their testicular volume is 2 mL or less, rFSH pretreatment could be one of the options for HRT. 1) Protocols using low-doses of testosterone monotherapy or hCG-rFSH combination therapy for acquired MHH patients We propose low dose testosterone once a month or low-dose hCG-rFSH therapy once a week to start at entry into junior high school as shown in Tables 8-1 and 8-2 in patients with acquired MHH. Doses are increased gradually every 6 mo. The adult dose of testosterone is 250 mg every month, and hCG-rFSH is 3000 IU of hCG and 75 IU of rFSH every week. The dose of hCG is changed according to the serum testosterone level. When a patient wishes to gain fertility, 3000 IU of hCG and 150 IU of rFSH should be administered twice or thrice a week. Both of these therapies are it is expected to induce the maturation of physiological secondary sex characteristics over a period of 4 to 5 yrs. 2) Protocol using preemptive FSH therapies for congenital MHH patients Pretreatment with rFSH monotherapy followed by rFSH and hCG combination therapy: We propose to perform rFSH pretreatment for 2 mo as described above in patients with congenital MHH who have a small testicular volume (2 mL or less) and may have poor spermatogenesis due to the genetic aetiology of MHH (i.e, Kallmann syndrome, isolated gonadotropin deficiency, etc.) (24) It was decided that the initial treatment would be sc injection of 75 IU rFSH daily for 2 mo. Dwyer et al. (19) used a 4-mo rFSH pretreatment, but the inhibin B levels after 2 mo of rFSH treatment reached the highest levels, which were similar to the normal range. Through direct personal communication with Pitteloud [CHUV, corresponding author of Dwyer et al. (19) ], we confirmed that a 2-mo span of rFSH pretreatment is sufficient.
Conclusion
In HRT for patients with MHH during childhood, it is desirable to conduct TRT and/ or GRT along with the physiological pubertal maturation process, to achieve normal adult height, to obtain fertility in the future, and in parallel, to reduce psychosocial problems resulting from delayed puberty. In this study, we conducted a questionnaire survey on the treatment of MHH in pediatric practice, and proposed an MHH treatment protocol for use in pediatrics. In the future, for confirmation of the usefulness/validity of this treatment protocol, we plan to accumulate treatment data of cases with MHH during childhood based on this protocol. As for all the methods discussed, the reality is that they are still at investigational levels, and therefore further research is necessary, especially at a pediatric level, to establish an 
